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FOGUS ARER

Crosscutting Area: CMST

Problem:

Current ground-penetrating radar
(GPR) technigueshavelimited depth
of penetration in most soils. Current
electromagnetic (EM) techniques
have limited resolution. Non-
invasivetechniquesthat are cheaper,
faster, and more accurate are needed
to locate and identify contaminated
subsurface features, including
structures; trench or pit boundaries,
and buried tanks, drums, pipes, and
trash. Drilling for contamination
detection and sampling is expensive,
time consuming, and often
dangerous.

Solution:

A continuous-profiling, high-
resolution, high-frequency EM
subsurface imaging system. The
system is designed to 1) overcome
the severe depth limitations of
ground penetrating radar in
conductive or clay-rich soil and 2)

providehigher resolution and greater
accuracy than conventiona EM
techniques.

Benefits:

»Faster non-intrusive means of
mapping contaminated sites

»Feld interpretation in near-real-
time

»Reduced public & occupational
health risks compared to usudl
geophysical surveys or drilling
programs

»Faster interpretation permits cost-
effective decisions and actions

»More accurate determination of the
location and nature of buried objects

Technology:

A high-frequency EM imaging
system has been developed for the
frequency range 30kHz to 30OMHz.
The system is an extension of an
earlier imaging system which has a
frequency range of 30Hz to 30kHz.
The high-frequency extension is
necessary to provide high resolution
over the range of possible depths
that are of interest on Department of
Energy (DOE) projects. Thesystem

is designed to overcome the severe
depth limitations of ground
penetrating radar in conductive or
clay-rich soil and to provide higher
resolution and accuracy than
conventional DC resistivity or EM
induction techniques. The data
collected can be interpreted in the
fidd in near-real-time using neural
networks. The network output will
be the identification and location of
subsurface targets. The high
accuracy of the imaging system,
coupled with the fast, accurate
interpretation by the neural
networks, will provide afaster non-
intrusive means of mapping
contaminated sites with less
ambiguity. Tests of the accuracy of
the existing low-frequency system
and neural network interpretation
indicated that a buried pipe could be
located with 97% accuracy for
horizontal position, 99% accuracy
for depth and 94% accuracy for
conductivity.

Current methodsfor interpreting EM
data involves assuming simplified
models of the earth, calculating
theoretical EM fields for these
models, and comparing these to the
observed EM data. Thisis typically
a dow and tedious process,
involving much subjective
guesswork by the interpreter in
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order to choose redlistic models.
This often takes many computer
hours and is not well suited to
exploiting the high-accuracy data
from this system.

Newly developed neura network
methods treat the data set as an
image. Thisinvolvesrecognizingthe
patterns in the data, specificaly, the
earth-model pattern which
corresponds to the observed data
pattern. Neura networks perform
well on the same types of tasks on
which humans traditionally have
performed well and on which Von
Neumann computershave performed
poorly, i.e., pattern recognition.

Abstraction and generdization are
two properties neural networks
possess. Abstraction isthe ability to
retain salient features of an input
pattern and discard irrelevant ones.
Generalizationallowsthenetwork to
recognize new inputs. A key feature
of the continuous output network is
its potential to produce results
comparable to those from standard
inverson routines. The network
could potentially giveinformationon
location, size and conductivity in
near-real-time modeinstead of hours
or days as required on a mainframe
computer for conventional inversion.
Unlike conventional inversion,
neural networks retain their
knowledge and continue to learn.

This project had five major activities
and objectivess (1) develop a
continuous-profiling, high-
resolution, high-frequency EM
subsurface imaging systemfeaturing
fast data acquisition, high spatial
resolution, and high accuracy; (2)
develop a neura network system

that can interpret the data in near
real-time with high accuracy and
precision; (3) determine how
tolerant the imaging system and
neural network are to geologic and
cultura noise contamination; (4)
develop software for automated
graphica display of field data; and
(5) demonstrate the technology at
Idaho National Engineering
Laboratory (INEL) Cold Pit.

Project Conclusion:

This project was completed in
January 1997 and the
af orementioned objectiveshavebeen
accomplished. The system
developed currently exists in
prototype form and provides the
potential for greater depth of
investigation (1-30 m) than GPR in
conductive soils. It aso provides
wider wandwidth, along with rapid
surveying, than conventiona EM
systems.

The demonstration surveys at INEL
and other locations have indicated
that this system is superior for high-
resolution subsurface imaging. The
cost for a small, portable system
which incorporates these devel oped
features is projected to be
approximately $100,000.

Contacts:

The Department of Mining and
Geological Engineering at the
University of Arizona has been
working with neural networks and
their practical application in the
resource development and
environmental restoration areas. For
information on this project, the
contractor contact is:

N

Principal Investigator:
Dr. Ben K. Sternberg
University of Arizona
Department M& G, Building 12-229
Tucson, AZ 85721

Phone: (520) 621-2439

Fax: (520) 621-8330

E-mail: bks@mge.arizona.edu

DOE's Federal Energy Technology
Center supports the Environmental
Management - Office of Scienceand
Technology by contracting the
research and development of new
technologies for waste site
characterization and cleanup. For
information regarding this project,
the DOE contact is:

DOE Project Manager:

Mr. Vijendra P. Kothari

Federal Energy Technology Center
3610 Callins Ferry Road

P.O. Box 880

Morgantown, WV 26507-0880
Phone: (304) 285-4579

Fax: (304) 285-4403

E-mail: vkotha@fetc.doe.gov
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